Introduction
============

Chronic obstructive pulmonary disease (COPD) is a chronic disease characterised by poorly reversible airflow limitation. However, it is now recognised as a systemic illness with significant extrapulmonary features such as muscle wasting and weakness.^[@bib1]^ In most patients shortness of breath during exercise is the first major symptom. To avoid confrontation with this symptom, patients with COPD are more inclined to adapt their lifestyle and thus a vicious circle will be created: shortness of breath results in decreased activity, which provokes a decline in exercise capacity and muscle strength, which in turn leads to more shortness of breath, and so on.

Exercise training programmes have been shown to be very effective in improving exercise capacity,^[@bib2]^ so it is not surprising that most rehabilitation training programmes for patients with COPD focus on increasing exercise capacity. Functional exercise capacity reflects what a person is capable of doing under controlled circumstances in a laboratory setting.^[@bib3]^ Another modifiable extrapulmonary feature of COPD is the decline in daily physical activity. Physical activity is defined as 'any bodily movement that is produced by the contraction of skeletal muscle and that substantially increases energy expenditure'.^[@bib4]^ The dimensions of physical activity are: type, intensity, frequency, duration, and the context of the activity. Physical activity reflects what a person actually does on a regular basis. In the last decade, with the development of activity monitors, there is much more insight into physical activity levels in patients with COPD. As a result, we are now aware that what people with COPD are capable of doing might be different from what people actually do.^[@bib5]^

Recent studies have shown that the physical activity level gradually declines with the severity of the disease^[@bib6; @bib7; @bib8]^ and is the strongest predictor of all-cause mortality.^[@bib9]^ Low levels of physical activity have been associated with systemic inflammation, left cardiac dysfunction,^[@bib10]^ lung function decline, hospitalisations, and mortality.^[@bib11]^ A review by Ng *et al.* suggests that the effect of exercise training on physical activity in people with COPD is small.^[@bib12]^ Findings of more recent intervention studies show that improved exercise capacity after pulmonary rehabilitation (PR) is not transmitted into increased daily physical activity.^[@bib13; @bib14; @bib15; @bib16]^

Most of the studies concerning physical activity levels of patients with COPD are performed in patients with moderate to severe COPD who are recruited in a rehabilitation setting or an outpatient clinic. From these studies it is known that COPD patients are very inactive in daily life. A moderate relationship between exercise capacity and physical activity was observed, so that the six-minute walk test (6MWT) can be validated as a test to reflect functional exercise level for daily physical activity.^[@bib6],[@bib17],[@bib18]^ However, in patients with a higher six-minute walk distance (6MWD), physical activities in daily life are highly variable, non-predictable, and require objective measurement.^[@bib6]^

Although the majority of patients with COPD are classified as having mild to moderate disease,^[@bib19]^ little is known about the relationship between functional exercise capacity and daily physical activity in these patients. We hypothesise that exercise capacity and daily physical activity are two different concepts in this patient category, as opposed to those with moderate to severe COPD. We therefore investigated the relationship between functional exercise capacity and physical activity.

Methods
=======

Study population
----------------

In this cross-sectional study, a sample of 51 patients with mild to moderate COPD was recruited in 20 general practices in the southern part of the Netherlands. These patients were referred by their general practitioner or practice nurse to participate in a physical exercise COPD training programme at a local physiotherapy practice. Inclusion was based on symptoms of dyspnoea, impairments in exercise capacity, and a low level of self-reported physical activity.

Patients were in a stable condition and had not suffered from respiratory tract infections or exacerbations for at least 8 weeks prior to participation in the study. Subjects could participate if they had no significant co-morbid conditions that would impede the ability to improve physical activity such as severe cardiac failure, orthopaedic or neurological disorders.

All patients provided written informed consent and the study was approved by the ethical review board of the Maastricht University Medical Centre.

Clinical, functional, and patient-reported characteristics
----------------------------------------------------------

All patients performed standardised post-bronchodilator spirometry according to the guidelines of the American Thoracic Society (ATS) and the European Respiratory Society (ERS).^[@bib20]^ All had a forced expiratory volume in one second and forced vital capacity ratio (FEV~1~/FVC) \<0.7 and a post-bronchodilator FEV~1~ of ≥50% of predicted.

Functional exercise capacity was assessed by the 6MWT with reference values from Enright.^[@bib21]^ The test was conducted according to the ATS guidelines^[@bib22]^ except that a standard 30 metre corridor was not always feasible, but the minimal length of the corridor was 10 metres. Dyspnoea was assessed by the Medical Research Council (MRC) dyspnoea scale.^[@bib23]^

Physical activity assessment
----------------------------

Daily physical activity was measured during three days and nights with an accelerometer-based activity monitor (Dynaport Minimod, McRoberts BV). Prior to the measurement the patient was asked if he/she had different physical activity patterns during weekdays or weekends. If the answer was no, then it did not matter on which days the measurement occurred. If the answer was yes, at least one weekday and one day of the weekend was included in the measurement. We later verified if the measurement days were representative. If the answer was negative, the measurement was repeated.

The Dynaport Minimod is among three of the best activity monitors to assess daily physical activity in patients with COPD.^[@bib24]^ As we were interested in the relationship between walking capacity and daily physical activity, we particularly collected walking-related data of physical activity including average steps per day, average movement intensity during walking, and total walking time per day. We also gathered more general information about physical activity such as total active time per day, time spent in moderate intense physical activities, and vigorous activities and physical activity level (PAL).

PAL was calculated by dividing a person\'s total energy expenditure by his/her basal metabolic rate.^[@bib25]^ A PAL of \<1.40 indicates a very inactive person and a PAL of 1.4--1.69 defines a predominantly sedentary person.^[@bib26]^ Moderate activity was defined as the time spent in activities between 3 and 5.9 metabolic equivalents (METs), such as brisk walking, sweeping floors, and vacuuming.^[@bib27]^ Vigorous activities were defined as physical activity performed at an intensity above 6 METs, such as jogging, shovelling, or carrying heavy loads.^[@bib27]^

Steps per day and time spent in moderate intense physical activities were regarded as co-primary endpoints since these parameters contain information on both the amount of daily activity and intensity.^[@bib7]^ Average movement intensity during walking, total walking time per day, total active time per day, vigorous activities, and PAL were used as secondary outcomes.

Data were collected from June 2010 to July 2012, covering all yearly seasons.

Statistical analyses
--------------------

Baseline characteristics are reported as mean ± standard deviation (SD) and range for continuous variables and as number (%) for categorical variables. The relationship between variables was tested by calculating Pearson correlation coefficients and plots. Correlation coefficients were considered to be statistically significant when the p value was \<0.05. All data were analysed using SPSS Version 19.

Results
=======

Characteristics
---------------

The clinical characteristics of the COPD patients are presented in [Table 1](#tbl1){ref-type="table"}. The age spectrum of participants varied from relatively young COPD patients up to rather old patients. There was an almost equal distribution of men and women and they generally had an overweight body mass index (BMI). Patients had a mean FEV~1~ of 74% predicted, indicating moderate COPD (close to mild COPD). The majority of patients were recently diagnosed as having COPD.

There was a large variation in the extent of dyspnoea experienced, as indicated by the MRC score ([Table 2](#tbl2){ref-type="table"}). Some participants were only breathless during strenuous exercise while others were hardly able to walk more than 100 meters or capable of leaving the house.

Functional exercise capacity was close to what might be expected for healthy persons ([Table 2](#tbl2){ref-type="table"}). In addition, the lowest oxygen saturation during the 6MWT was 83% while the mean (SD) value was 92% (3.4%). Twenty-one percent of the patients had an oxygen saturation below 90% during the test, indicating a significant decrease in oxygenation during exertion.^[@bib28]^ The resting oxygen saturation had a mean (SD) value of 96% (1.5%) with a range of 92--99%.

Patients were classified as sedentary with a mean PAL of 1.45 and only 65% of the recommended 10,000 steps per day ([Table 2](#tbl2){ref-type="table"}).

Functional exercise capacity, pulmonary function, and clinical characteristics
------------------------------------------------------------------------------

A significant inverse correlation was found between 6MWD (% predicted) and MRC (R=−0.43, p=0.001). There was no correlation observed between 6MWD (% predicted) and FEV~1~ (% predicted), age, and BMI.

Daily physical activity, pulmonary function, and clinical characteristics
-------------------------------------------------------------------------

A significant modest inverse correlation was found between steps per day, PAL, total walking time per day, time spent in moderate physical activity, and BMI (R=−0.32, p=0.022; R=−0.42, p=0.003; R=−0.38, p=0.006; R=−0.29, p=0.038; respectively). There were also significant modest inverse correlations between steps per day, PAL, total walking time per day, total active time, time spent in moderate physical activity, and the MRC dyspnoea scale (R=−0.35, p=0.012; R=−0.34, p=0.019; R=−0.35, p=0.011; R=−0.36, p=0.010; R=−0.29, p=0.037; respectively).

No correlation was observed between any of the physical activity variables and FEV~1~ (% predicted).

Functional exercise capacity and daily physical activity
--------------------------------------------------------

No significant correlations were observed between 6MWD (% predicted) and any of the physical activity variables ([Table 3](#tbl3){ref-type="table"}).

[Figure 1](#fig1){ref-type="fig"} illustrates the minimal relation between 6MWD and steps per day. For example, subjects with a normal functional exercise capacity display a broad range of steps per day, varying from 3,000 up to 15,000 steps per day.

As expected, different physical activity variables were related. A high correlation was found between steps per day and time spent in moderate physical activity (R=0.79, p=0.000). A more modest correlation was found between steps per day and time spent in vigorous physical activity (R=0.54, p=0.000). On the other hand, no correlation was observed between time spent in moderate physical activity and vigorous physical activity (R=0.076, p=0.59).

Discussion
==========

Main findings
-------------

In this cross-sectional study we found a minimal relationship between functional exercise capacity and daily physical activity in patients with mild and moderate COPD in a primary care setting. Baseline characteristics showed that functional exercise capacity was close to normal values (94% of predicted). Despite the reasonable distance walked on the 6MWT, a substantial group of subjects showed a significant decrease in oxygenation during exertion. The primary causes of hypoxaemia with exertion are considered to be ventilation to perfusion mismatching and diffusion-type limitation,^[@bib28]^ so a substantial part of our study population showed pulmonary constraints. On the other hand, daily physical activity was diminished. A mean PAL of 1.45 indicates a very sedentary population^[@bib26]^ and a mean of 6,459 steps per day is characterised as 'low active'.^[@bib29]^ Strengths and limitations of the study To our knowledge, this is one of the first studies in which COPD patients were recruited and assessed solely in the primary care setting. It was our purpose to make a direct link with current COPD care in the Netherlands by using not very restrictive inclusion criteria that are congruous with daily practice. This is reflected by the large variation in all baseline characteristics, from breathlessness to exercise capacity and physical activity.

There are several limitations that need to be addressed. First, the number of assessment days plays an important role. There is evidence that three days of assessment with an activity monitor provides an acceptable intraclass reliability coefficient.^[@bib30]^ In healthy adults, however, an acceptable measurement may range from three to seven days. It is possible that, in our study population, three days of measurement was not sufficient to collect representative data. Second, we included only patients who were motivated to participate in an exercise training programme and excluded patients who were already very active. Our conclusions cannot therefore, our conclusions cannot be generalised to all patients with mild to moderate COPD.

Interpretation of findings in relation to previously published work
-------------------------------------------------------------------

The absolute value on the 6MWT of our study population (487 metres) is comparable with results of other studies in patients with mild and moderate COPD (490 and 462 metres).^[@bib8],[@bib31]^ On the other hand, our results concerning daily physical activity differ from the findings of Troosters *et al.* and Watz *et al.* who found a mean of 7,357 and 7,619 steps per day in patients with COPD Global initiative for chronic Obstructive Lung Disease (GOLD) stages I and II, respectively, and a PAL of 1.63 compared with 6,459 steps per day and a PAL of 1.45 in our study.^[@bib7],[@bib8]^ In the study by Watz *et al.* the measurement period did not include the winter months.^[@bib8]^ This could explain the difference with our results, because it is known that seasonal variations affect physical activity patterns.^[@bib32]^ Furthermore, the southern part of the Netherlands is known as a region with less physical activity than the rest of the country.^[@bib33]^

We found a mean duration of time spent at moderate physical activity of 1:37 hrs, which is much shorter than a mean time of 2:40 hrs (above 2.5 METs) and 2:49 hrs in age-matched controls.^[@bib7],[@bib8]^

The main result in our study was the minimal relationship between functional exercise capacity and daily physical activity. A previously published study with a similar study population found a higher correlation between functional exercise capacity and physical activity.^[@bib31]^ This might be explained by their inclusion of patients with severe COPD, since it has been shown that this relationship is stronger in this patient category.^[@bib6],[@bib8],[@bib14],[@bib16]^ This is in accordance with our hypothesis that patients with better preserved lung function and exercise capacity do have a choice to be physically active or not. In patients with severe COPD, limited exercise capacity constitutes a barrier to being physically active.

To date, there is no single parameter which reflects overall daily physical activity best, so all studies concerning physical activity in COPD patients have used several different parameters. In our study we specifically collected many different walking-related physical activity parameters because functional exercise capacity was also measured by a walking test. We assumed that, if there was a correlation between these concepts, it would come forward by correlating these variables. Interestingly, these variables did not show a significant correlation at all.

The choice of the reference value on the 6MWT might have played a role in the correlation analysis. We used the reference value of Enright and Sherrill because of the study population, testing protocol, and the shorter length of the corridor used.^[@bib21]^ For completeness, we also performed analyses with another reference value.^[@bib34]^ As a result, the mean (SD) distance walked was 76 (11.2)% predicted and there were significant correlations between 6MWD and physical activity variables, but the correlations were only weak, ranging from R=0.29, p=0.042 to R=0.31, p=0.028. Thus, even if we had chosen to use other reference values, the overall conclusion would be a poor relationship between functional exercise capacity and daily physical activity.

Implications for future research, policy and practice
-----------------------------------------------------

Environmental and personal factors were beyond the scope of this study. For future research it might be useful to gain more insight into these factors so that causes for physical inactivity can be explored.

The present study reinforces the idea that, although FEV~1~, MRC dyspnoea scale and even functional exercise capacity might be important outcomes to indicate the severity of the disease (as in the BODE index^[@bib35]^), daily physical activity provides a supplementary concept, especially in patients with mild to moderate COPD. We suggest that there are actually four concepts that could be considered to describe the consequences of COPD in a broader perspective: pulmonary function (reflecting pathology), dyspnoea (reflecting symptoms), exercise capacity (reflecting ability), and physical activity (reflecting actual function).

According to our results, we could consider behavioural change with regard to daily physical activity as an important treatment goal in primary care, as functional exercise capacity was not significantly decreased and physical activity was clearly diminished. This is in line with the suggestion of Egan *et al.* who proposed a two-tiered approach whereby programmes in secondary care should focus on functional capacity and those in primary care should focus on physical activity.^[@bib13]^ We want to refine this statement because in primary care there is also a substantial group of patients who could benefit from enhancing exercise capacity. Consequently, measuring daily physical activity is an essential part of the assessment in primary care in order to fine-tune treatment. It enables practitioners and physiotherapists to deliver personalised care. This is illustrated in [Figure 1](#fig1){ref-type="fig"}. Patients in the lower right quadrant have a normal to good functional exercise capacity whereas their daily physical activity is below normal values. In these patients the focus of treatment should be on improving physical activity behaviour. Patients in the lower left part of the plot might benefit from increasing both functional exercise capacity and daily physical activity, patients in the upper right quadrant are doing well and should only be encouraged to continue their current approach, and the focus of treatment of patients in the upper left quadrant might be on enhancing functional exercise capacity and finding a balance between load and load-bearing capacity.

Conclusions
-----------

The results of this study show a discrepancy between functional exercise capacity and daily physical activity in patients with mild to moderate COPD recruited and assessed in primary care. These results reinforce the importance of measuring daily physical activity in order to fine-tune treatment.
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